Abstract: 
I. Introduction
Radiochromic films are a type of films used in radiotherapy as a dosimeter. These radiochromic dosimeters have also been appliedin many fields such as environmental studies and industrial applications. The color of these films is changed in proportion to the absorbed dose caused by film exposure toionizing radiation.The film color changes to a dark blueby a radiochromic reaction (solid-state polymerization).The color change of the film active layer is mainly due to the significant chemical modifications of this layer caused by its exposure to radiation [1, 2] . This color change of the active layer of the film is used to quantify the absorbed dose.
The radiochromic films are self-developing in response to radiation without chemical, physical and thermal treatments pre-and/or post-irradiation. On the other hand, these films are affected by certain types of light, such as sunlight and other UV sources, especially if the film is exposed for a long periods of time. The dependence of thecolor change of radiochromic filmson the energy of incident radiation is relatively small.The radiochromic films are also dose-rate independent [1] .The absorbed dose from high-energy photons can be measured by the radiochromic films types MD-55 and HD-V2. The detailed of the configurations, technical features, specifications and performance data of both films are reported in Refs [3, 4] .
Positron annihilation spectroscopy (PAS) is widely used to study the structural changesand electronic distribution of various types of materials. The PAS is based on the detection of annihilation radiation after implantation of positronsin studied samples.The positron annihilation lifetime (PAL)is one of PAS techniques that used to characterize thedefects and open volumes of solid samples [5] [6] [7] [8] [9] [10] [11] [12] .The implanted positrons in solids probe the electronic environment around their annihilation sites.Some of the incident positrons annihilate through a positronium (Ps), the bound state of a positron and an electron in polymeric materials. The Ps has two states: the para-Ps (p-Ps) and ortho-Ps (o-Ps) with anti-parallel and parallel spins of the positron and electron, respectively. The PAS is a preferred probeforpolymeric materials as the Ps annihilates in the free volume holes.
Several studies were carried out to investigate the factors such as the photon energy affect the sensitivity of the radiochromic films.Recently, the positron annihilation Doppler broadening (PADB) spectroscopy was applied to investigate the defect structure of the active component of the γ-irradiated MD-55 and HD-V2 radiochromic films [13] . To clarify and confirm the applicability of PAS techniques for investigation of the physical changes in the active component of radiochromic films due to γ irradiation,thiswork therefore aims toprobethe structural changes of the active component of the γ-irradiated MD-55 and HD-V2 radiochromic films using the PAL technique. The correlation between PAL parameters and theoptical properties of the MD-55 andHD-V2 films can also be examined. 
II. Experimental methods
Radiochromic films types MD-55 and newly released HD-V2, ISP Technologies Inc. Dosimetry Media, were used. Fourand eight sets (with ten pieces for each set) of MD-55 and HD-V2 films were prepared, respectively, with an area of 2 × 2 cm 2 for each piece. Three setsof MD-55 films were given γ doses of 20, 40 and 80 Gy for each.Seven sets of HD-V2 films wereirradiated with gamma doses of 50, 100, 500, 800, 1000, 1500 and 2000 Gy. Both films types MD-55 and HD-V2 were irradiated at room temperature using 137 Cs and 60 Co sources with dose rates of 0.4615 and 100 Gy min-1, respectively. The detailed information about the preparation and irradiation of the samples of both films are reported in Ref. [13] .
The PAL measurements were performed using a fast-fast coincidence spectrometer [14] . This spectrometer consists of two Bicron BC-418 plastic scintillation detectors coupled with Ortecelectronic modules. The lifetime measuredspectra were acquired using an Ortec 919 multichannel analyzer. A 10 μCi positron source was prepared using a droplet of 22 NaCl solution dried onto two identical Kapton foils (7.5 μm thick), which were afterward glued by epoxy glue. Four pieces of each film were placed in contact with each side of the 22 Na source to arrange the source and sample in a sandwich like configuration. ThePAL measurements were carried out in air at room temperature. More than one million counts were accumulated for each spectrum and each sample was measured three times. The time resolution of the spectrometer, measured with 60 Co source at 22 Na energy window settings, was ~320 ps (full-width at half maximum). The positron annihilation lifetime is measured experimentally as the time interval between the 1274.5 keV γ ray emitted by the 22 Na radioisotope and one of the annihilation radiations. The PAL spectra were analyzed using a computer program LT [15] with 12% correction for positrons annihilated in the Kapton. The lifetime spectra of the investigated samples were decomposed into three components representing the p-Ps (τ 1 =125 ps), free and bound positrons (τ 2 = 150-500 ps) and pickoff annihilation of the o-Ps in the free volume sites present in the active layers of the studied radiochromic films (τ 3 > 700 ps). The formation probabilities of the τ 1 , τ 2 , and τ 3 are I 1 , I 2 and I 3 , respectively. The lifetime spectra of the investigated samples were decomposed into three components. As the time resolution of the used PAL spectrometer >300 ps, the data on the shortest-lived component ascribed to p-Ps somewhat unreliable. Therefore, τ 1 was fixed at 125 ps to reduce the scatter of the other parameters. All lifetime components were determined with the best-fitting parameter ranged from 0.99 to 1.2. The range of the experimental errors for the PAL parameters τ 2 , τ 3 , I 1 ,I 2 and I 3 determined over multiples measurements, were found to be <5ps, <21ps, 1.3%, 1.2% and 0.4%, respectively. The mean lifetime (τ m ) of positron was calculated using the following relation:
The mean free volume, V f , can be calculated by a simple relation given below, assuming a spherical shape for the holes [7, 9, 16, 17] :
(2) where R is the average radius of the free volume hole. R is determined using a semiempirical equation with the values of τ 3 [18, 19] . Furthermore, the free volume hole fraction, f v , can be found from the empirical equation [15, 20] : Table 1 .The results indicate that the average radius of the free volume hole in MD-55 films is larger than that of HD-V2 films by~7.3%. These results also show that the effect of γ irradiation on the concentration of free volume holes is strong in the case of HD-V2 films as the range of I 3 values of HD-V2 films is larger than that range of the MD-55 films. This increase of the average radius of the free volume holes and the difference of the effect of γ irradiation on the concentration of free volume holes may be due to the different internal structure and active-layer thickness of both films. The calculated free volume hole fraction as a function of  absorbed dose is shown in Fig.7 and Fig.8 for MD-55 and HD-V2 films, respectively. The free volume hole fraction in the MD-55 films showed an increase of ~24% compared with its values in HD-V2 films. An opposite behavior of the free volume hole fraction as a function of  absorbed dose was also observed for both films. This different behavior of both films can be explained by the previously mentioned reasons.
The mean values of the PAL parameters (τ 2 , τ 3 , I 2 and I 3 ) and the derived PAL parameters (τ m and f v )
were calculated for irradiated MD-55 films with doses 20, 40 and 80 Gy thatlie in the film dynamic dose range(2-100 Gy), see Table 2and DOI: 10.9790/4861-0804020814 www.iosrjournals.org 11 | Page Fig. 1, Fig.2, Fig.3 and Fig.7 . Themean values of thesePAL parameters are also calculated for irradiated HD-V2 films with doses 50, 100, 500, 800 and 1000 Gy that lie in the film dynamic dose range, 10-1000 Gy, and with doses 1500 and 2000 Gy that lie out of the film dynamic dose range, see Table 2and Fig .4, Fig.5, Fig.6 and Fig.8 . reported in Ref. [13] , is shown in Fig.9 . Similar behavior was observed for the variation of f v parameter as a function of gamma dose. The results indicate that a strong positivecorrelation with the linear coefficient parameter, r = 0.92, was observed between the f v and OD values for γ-irradiated HD-V2 films with doses<1000 Gy. This strong correlation may be due to the observed linear increase of the freevolume hole fraction with increasing of the γ dose (seeFig.8). A weak negative correlation with r = 0.71between the f v and OD values for γ-irradiated HD-V2 films with doses ≥ 1000 Gy was observed. This negative correlation may be due to the photo-degradation of the formed polymer structure of the active component and the decrease of the free volume hole fraction (see Fig.8 ). Therefore, it can be concluded that the derived PAL parameter f v can be used to investigate the response behavior and to define the limit of the dynamic dose range of the radiochromic films. The importance of f v parameter comes mainly from its dependence on the Ps formation (see the last paragraph in section 2) that trapped in the free volume holes of polymeric materials.
IV. Conclusion
The PAL techniquewas used for the first time to probe the defects and structural changes of the γ irradiated MD-55 and HD-V2 radiochromic films with absorbed doses ranges of 0-80 and 0-2000 Gy, respectively. The results of this work indicate that the behavior of the PAL parameters was successfully related to the microstructures of the active (radiosensitive) layers of MD-55 and HD-V2 films. One of these parameters such as fvthat evaluate the free volume size and concentrationcan be used to investigate the response behavior and to define the limit of the dynamic dose range of the radiochromic films. A good linear correlation was found between thefv parameter and the OD values for HD-V2 film. A proposal is suggested to enhance the HD-V2 film performance through changing the film thickness and structure. Finally, it can be concluded that the PAS techniques are a powerful tool to probe the microstructure of the γ irradiated radiochromic films. DOI: 10.9790/4861-0804020814 www.iosrjournals.org 13 | Page . The solid circles for unirradiated and irradiated films with γ dose of 50, 100, 500 and 800 Gy. The solid triangles for unirradiated and irradiated films with γ dose of 1000, 1500 and 2000 Gy. The solid line is a linear fitting of the experimental data with γ dose < 1000 Gy (solid circles) and the dashed line is a linear fitting of the experimental data with unirradiated andγ irradiated dose ≥ 1000 Gy (solid triangles).
